Conceptual design procedures and design models of HATS are revised and renewed. The results calculated using the revised method are compared with the operating conditions of HATS at the JAXA Kakuda Space Center. The previous physical method of test chamber pressure and that of ejector suction are adopted in the present model. The suction model adopts the inviscid momentum exchange mechanism. The deceleration process in the supersonic diffuser is revised using the pseudo-shock model. Physical and thermodynamic models are constructed for condensation and steam saturated flow conditions. The results calculated are in reasonable agreement with the measured values (e.g., pressure of secondary flow at the ejector section and pressure changes during engine shut down). The effect of ejector steam condensation on the operating conditions of HATS is quantitatively presented.
Introduction
The High-Altitude Test Stand (HATS) is a facility for testing upper-stage rocket engines. HATS creates a high-altitude environment, and the rocket engines operate under low-pressure conditions created by HATS. JAXA has two HATS facilities at the Kakuda Space Center. 1) One was constructed by National Aerospace Development Agency (NASDA) and is used for development tests and acceptance tests of upper-stage engines. It is called "NASDA-HATS" in the present study. The other was constructed by the National Aerospace Laboratory (NAL) as the pilot HATS for NAS-DA-HATS and is primarily used for research activities. It is called "NAL-HATS." These facilities were designed and constructed about 40 years ago. There are several HATS facilities in the world (e.g., facilities at Stennis Space Center, 2) White Sands Test Facility, 3) Plum Brook, 4) and Lampoldshausen 5) ). In the construction of a new facility, a conceptual study is first conducted to specify requirements. The study progresses by examining exiting physical models, design tools and design data, and shows an outline of the facility. Based on the results of the conceptual study, details of the facility are designed, development tests and simulations are conducted, and the facility is constructed. In the construction of Japan's HATS, the same process was conducted. There are reports of the conceptual study on the JAXA HATSs in the form of a technical report or a technical memorandum of the National Aerospace Laboratory, Japan. The other HATS reports present facility specifications or component study results, not facility conceptual study results.
In the conceptual design process of the two JAXA HATSs, several physical models and estimation formulas were used and the estimated results were verified experimentally. 6, 7) In the design process, some parameters were specified experimentally.
In the present study, the conceptual design models and design procedures of the HATSs are reviewed and revised. Over the 40 years, several technologies have been constructed, and there are findings on physical mechanisms relating to HATS operation. Some are applied to the present conceptual design model of HATS. The results calculated by the present procedure can be an initial configuration in the HATS design process and in CFD simulation. The present physical models and the procedures will be applied to design other systems (e.g., an exhaust system of wind tunnels, ejector pumps, and saturation of working gases) in which similar or the same physical phenomenon are utilized as in the HATSs.
HATS Operation
Both the NASDA-HATS and the NAL-HATS are comprised of two steam ejectors and three diffusers. The ejectors are located in the center of the duct. Herein, the operation of a HATS is explained with this configuration. Figure 1 shows a schematic of a HATS. A HATS creates a low-pressure condition in the test chamber through ejector operation. The exhaust-gas pressure is recovered in the diffuser.
The combustion gas of a rocket engine expands from the exit of the nozzle. The flow-field of the re-attachment of the combustion gas specifies the pressure in the test chamber. The supersonic rocket engine combustion gas attaching to the HATS wall decelerates in the first diffuser and becomes subsonic, passing through the shock-train, or the pseudoshock. Cooling water is injected to the subsonic combustion gas. The mixture of the combustion gas and the steam of the cooling water is suctioned by the first ejector. Suction is necessary because the pressure of the rocket gas mixture is lower than the ambient pressure. At the same time, the total pressure of the rocket gas mixture is increased by mixing with the high-pressure ejector steam. Pressure is recovered in the second diffuser. The same suction and pressure recovery are conducted in the second ejector and third diffuser. The gas mixture is exhausted to ambient pressure. To match the exit pressure condition, the position of the pseudo-shock changes in the first diffuser.
The major phenomena in a HATS are reattachment of the rocket gas to the wall, deceleration of supersonic gas flow, suction by the ejector, pressure recovery in the diffuser, and condensation of steam in the ejectors.
Physical Models for Calculation

Test chamber pressure
The pressure of the test chamber is the most important specification in the high-altitude tests at a HATS. A two-dimensional, supersonic base flow model [8] [9] [10] was applied to attachment of the rocket combustion gas to the HATS duct wall during the design procedure of the two HATSs. Figure 2 shows a schematic of the flow-field. A supersonic fluid flows at the rearward facing step. The fluid expands isentropically at the corner of the step. The accelerated fluid attaches to the wall nonisentropically and creates a shock wave. The primary flow in Fig. 2 corresponds to the rocket combustion gas in the HATS, and the lower wall corresponds to the diffuser duct wall. The vertical wall in Fig. 2 corresponds to the opening between the rocket nozzle and the diffuser duct wall. In designing the HATSs, the pressure of the test chamber was estimated by the pressure in the base region behind the step. The present study also adopts the base flow model to estimate the pressure of the test chamber. There are several flow models and equations for the base pressure. In the present study, the empirical pressure equation is adopted. 9) A one-dimensional flow model can be applied to this process for attaching the rocket combustion gas to the HATS duct wall. Expansion of the rocket exhaust to the HATS duct wall was calculated assuming isentropic change. The rocket combustion gas receives reaction force from the pressure of the test chamber during the expansion process. This pressure is Trans. Japan Soc. Aero. Space Sci., Vol. 59, No. 3, 2016 not equal to the pressure in the isentropic change. In the present study, the one-dimensional flow model is also used for attachment with nonisentropic change. The impulse function of the expanded, attached rocket exhaust is
Pseudo-shock in diffuser
The supersonic, rocket engine combustion gas decelerates to subsonic flow through the shock train, or the pseudoshock, in the first diffuser. This phenomenon affects pressure recovery performance in the diffuser. The starting position, or length of the pseudo-shock, affects the required length of the duct. Studies on the pseudo-shock has been conducted. 11) Recently, the starting position of the pseudo-shock was estimated using the momentum balance model. 12) In the model revised for the present study, this estimation method is newly adopted to calculate the position of the pseudo-shock and pressure recovery performance of the first diffuser. This model can be applied to a diffuser of supersonic/hypersonic wind tunnels.
The impulse function of the supersonic inflow is not generally equal to that of the subsonic outflow. The boundary condition (e.g., pressure or choking) is applied to the subsonic outflow. On the other hand, there is little friction force in the pseudo-shock region because the boundary layer thickens and separation may appear in the region. Figure 3 shows a schematic of the flow-field with the pseudo-shock. Force balance is written as
where f r2 is the streamwise component of reaction force, which appears when the end of the pseudo-shock is upstream of the divergent section exit. In the momentum balance model, there is no friction in the pseudo-shock region. By balancing the inflow and outflow impulse functions, the starting position of the pseudo-shock is specified. The length of the pseudo-shock is several times the diameter of the duct. 13) Herein, the length is assumed to be five times larger. Studies on the length of the pseudo-shock are under investigation. When the presumed length of the pseudo-shock is too large, the pseudo-shock starts from the entrance of the first diffuser, especially under the throttled condition of a rocket engine. This pseudo-shock condition interacts with the attachment of rocket engine exhaust to the HATS duct wall, and induces the diffuser break. In the actual operation of a HATS, the diffuser break is measured prior to arrival of the pseudo-shock to the diffuser entrance. As presented later, the results calculated are close to the operating conditions of the HATS. The presumed ratio of the pseudo-shock length would be close to the actual length. When the position of the pseudo-shock is located relatively downstream in the first diffuser, the end position of the shock wave is in the mid of the divergent section in the diffuser. Downstream of the pseudo-shock, pressure is recovered approximately in the isentropic change. As the pseudoshock moves upstream, the Mach number becomes smaller, the shock wave becomes weaker, and total pressure loss becomes smaller. With the momentum balance model, the performance of pressure recovery can be estimated. Since the position of the pseudo-shock changes due to the operating conditions of the rocket engine tested, the required length of the diffuser duct can be confirmed with the model.
When the rocket engine decreases its thrust during shutdown, the momentum in the HATS duct decreases and the pseudo-shock is moved toward the entrance of the HATS duct. As the pseudo-shock exists upstream, the momentum and pressure recovery of the HATS are improved. After the shock wave arrives at the entrance, pressure in the test chamber increases, and the rocket combustion gas detaches from the HATS duct wall. The diffuser operates as a subsonic diffuser. This increase in pressure and the change in flow condition is called the "diffuser break." The one-dimensional model is used after the diffuser break. In simulating the diffuser break using the one-dimensional model, the rocket gas expands to the pressure of the test chamber, p a , and the gas flow detaches from the HATS duct wall.
In the second and third diffusers, the secondary subsonic flow rate is large, and the pseudo-shock model is not applied to the diffusers. The primary, supersonic flow of the ejector steam and the secondary, subsonic flow mix together. The subsonic mixed gas recovers pressure in the divergent section of the diffuser, which is calculated under the assumption of isentropic change.
Cooling of the supersonic diffuser has been studied. 14, 15) Supersonic combustion gas flow decelerates to subsonic through the pseudo-shock. The general estimation formula for heat transfer is not effective in the pseudo-shock region.
Cuffel and Back showed a ratio of heat fluxes was proportional to 0.8 power of a ratio of wall pressures for air in a straight duct. 14) Recently, Kato and Kanda extended the model of Cuffel and Back to a divergent duct and a combustion gas. 16) 
Vaporization of water and condensation of steam
Water is sprayed to the combustion gas of the rocket engine for cooling and vaporizes around the exit of the first dif- fuser. The gas after water-cooling is a mixture of the combustion gas and cooling water. The steam is in a saturated condition and its properties are different from those of a pure gas. The dryness of the saturated steam and flow conditions of the steam are calculated to estimate ejector performance.
Mean specific heat is calculated with mean molecular weight. No cooling water momentum, liquid water volume, or effect of liquid water on the sound speed of the gas are presumed. Liquid water has no relation to the ideal gas equation. The velocity of the liquid is the same as that of the gas here. Momentum is conserved prior to and after condensation.
Enthalpy is calculated with latent heat. The energy conservation is expressed as
Here
Dryness, x, is a ratio of the gaseous mass flow rate to the total flow rate.
The latent heat of water is calculated using the formula of Watson. The saturated vapor pressure of steam is calculated using the formula of Wagner and Pruss. 18) ln Condensation of steam happens in the ejector nozzles. Its effect was simulated by changing the ratio of specific heats in the design process of the HATSs. 19) In the present study, the dryness and properties in the ejector nozzles are calculated assuming isentropic change.
This process is similar to that of the equilibrium flow of combustion gas in rocket nozzles. There are recombination of molecules, change of mean molecular weight and release of heat under the assumption of isentropic change. It is well known that the equilibrium flow calculation of rocket combustion gas reasonably predicts the performance of the rocket nozzles. In the ejector nozzles, the molecular weight of the gas changes due to condensation and latent heat is released. A similar change as in the rocket nozzles progresses in the ejector nozzles. Entropy is calculated using the general thermodynamic relation below. 20) 
This isentropic flow model with condensation is verified using the results of hypersonic wind tunnel nozzle flows.
21)
The Mach numbers of the nozzles are 5.4 and 6.7, respectively. The fluid of the experiments was air at room temperature, whereas the calculation is conducted using the properties of nitrogen. Table 1 lists the test condition and the pressures measured and calculated. The design pressure was calculated using the ideal gas relation with no condensation. The pressure calculated with condensation was higher than the design values and close to the measured values, respectively. One of the reasons for the difference is deviation of the flow conditions in the wind tunnel nozzles from the designed flow conditions due to condensation. According to the present calculation with condensation, the pressure measured corresponds to the Mach 4.7 flow condition, whereas the Mach number calculated is 4.8 for the Mach 6.7 design condition. For the Mach 5.4 condition, both measured and calculated Mach numbers correspond to the Mach 4.5 condition.
Ejector system
The primary, supersonic steam of the ejector interacts with the secondary, subsonic fluid, which is a mixture of the rocket combustion gas and cooling water. In the second ejector system, the secondary mixed flow also contains steam from the first ejector. By the interaction, the secondary fluid is pumped out or suctioned. Figure 4 shows a schematic of the ejector system flow-field.
Momentum is exchanged in the interaction of the two flows in an almost inviscid process. This inviscid, momentum exchange mechanism has been presented (e.g., by Fabri and Siestrunck) and verified experimentally. 22) This model was adopted in the HATS design process. The present model also adopts this mechanism. This inviscid model is a general basis for most ejector systems.
The conservations of mass, momentum and energy, relation between pressures and relation between cross-sections are 
The condition after the momentum exchange is expressed with a prime. p 1 is not usually equal to p 2 , whereas pressure is equal both in the primary and secondary flows after the momentum exchange. p is the mean pressure during the exchange. ÁA Á p can be negative. Momentum is exchanged at the dividing streamline. Some of the previous studies calculated changes in flow condition using the method of characteristics. In the present model, the exchange is calculated in a simplified way. 23) 24) There are several kinds of inflow boundary conditions for the primary and secondary fluids. For example, the pressure of the supersonic primary flow is presumed to be lower than that of the subsonic secondary flow. The primary flow increases pressure through shock waves and is still supersonic after the interaction. The pressure of the secondary flow decreases even though the flow diverges. It is generally a contradiction to the pressure-cross-section relation. This can happen in the non-isentropic change. As Fabri mentioned, momentum exchange is not an isentropic process. 22) In the present study, this combination of primary and secondary flows is calculated with in a simplified way. In the previous study, this flow condition was not discussed. Figure 5 shows an example calculation result for the relationship between the mean pressure, p, and increases in entropy. Fluid 1 is supersonic steam and fluid 2 is subsonic steam. The total temperature is 400 K and the mass flow rate is 50 kg0s ¹1 for both fluids. The total pressure of fluid 1 is 500 kPa and that of fluid 2 is 40 kPa. The cross-section of fluid 1 is 0.4 m 2 and that of fluid 2 is 2 m 2 . In this example calculation, the interacting pressure is equal to the pressure after the interaction, as in the present simplified calculation. Mean entropy after the interaction is calculated with each entropy by weighing each mass flow rate. Mass, momentum and energy are conserved at the mean pressure of 38.4 kPa, indicated as "Interacting pressure" in the figure. The pressure is slightly lower than the pressure of fluid 2, 38.5 kPa, prior to the interaction. The entropy increases slightly in fluid 2 at the mean pressure, whereas the increase in fluid 1 is extensive. The change of the cross-section is 0.19 m 2 under these conditions.
With these conditions, the ejector works to hold a lowpressure environment for the secondary flow and to increase the total pressure of the secondary flow by mixing the primary flow downstream of the momentum exchange.
When pressure in the secondary flow is lower than that in the primary flow at the entrance of the ejector section, the primary flow expands and the secondary flow converges. The pressure for both is lower than that of the flows prior to the momentum exchange. Figure 4 (b) shows a schematic of these conditions. The secondary flow may choke. This is called "Fabri choking" and appears when starting and shutting down a rocket engine.
It was found that mixing degrades the suction performance of the ejector. 25) Attention is required when designing the ejector.
Calculation procedure
With these physical models and assumptions, flow in HATS is calculated. New physical modes are used for the pseudo-shock in the first diffuser and steam properties in Secondary flow is subsonic. In (a), pressure of the secondary flow is higher than that of the ejector gas flow. In (b), pressure of the secondary flow is lower than that of the ejector gas flow. The exit boundary condition is a specified pressure of 1.05 atm, being larger than 1 atm due to the loss of pressure in the silencer downstream of the third diffuser. The upstream boundary condition is the inflow of the rocket combustion gas. The pseudo-shock position is located to balance the inflows and outflows of mass, momentum and energy.
The ratio of the specific heat is 1.33 for steam. The properties of steam are calculated under the assumption of invariable specific heat. It is assumed there is no friction in the pseudo-shock region, 12) whereas the friction coefficient is set to be 0.003. 26) Heat transfer is calculated using the Reynolds analogy. Wall temperature is set to 350 K.
Results and Discussion
Application of the physical models is verified by comparing the calculated and measured operating conditions of the NAL-HATS.
27) The specifications of the NAL-HATS are listed in Table 2 . The specifications of the engine tested are listed in Table 3 . Though the test results of another engine are also described in the report, most of the HATS operating tests were conducted with the engine listed in Table 3 .
In the present study, another calculation is conducted under the condition that the outer diameter of the secondary flow duct exit of the second ejector section is reduced to 90%, besides the calculation using the original geometry. Under the original geometry, when the rocket engine thrust is reduced, the pseudo-shock is located at the entrance of the first diffuser and the exit pressure of the HATS is calculated to be lower than the specified exit pressure. By reducing the diameter, the position of the pseudo-shock is still in the mid of the first diffuser even under the reduced-thrust condition. This effect is also attained by reducing the outer diameter of the secondary flow of the first ejector section. Details are described in Section 4.2. This reduction of the cross-section may represent the effect of displacement thickness of the boundary layer. The NAL-HATS was operated by injecting a small amount of air under no rocket exhaust condition for steady operation of the ejector. At the renewal of the NAL-HATS in 2011, the outer diameter of the secondary flow duct of the first ejector section was reduced.
The effect of reducing the diameter is shown in Fig. 6 . In this example calculation, the mass flow rate and total temperature of the secondary flow are set to be 50 kg0s ¹1 and 500 K, respectively. Those of the primary flow are 122 kg0s ¹1 and 500 K, respectively. The total pressure of the primary flow is 1.30 MPa and the Mach number at the exit of the ejector nozzle is 1.5 or 2.5. The static pressure of the secondary flow is the same as that of the primary flow at the nozzle exit. These are similar to the operating conditions of the NAL-HATS. The static pressure of the secondary flow is equal to that of the primary flow for simplicity. Then, the velocity of the secondary flow is specified by the pressure condition. The cross-section of the secondary flow is a parameter.
As the cross-section is decreased, the total pressure of the mixture is increased. The Mach number of the secondary flow becomes large as the cross-section decreases, and the flow chokes at A 2 =A 1 ¼ 1:33 in the case of M 1 ¼ 2:5. As the cross-section of the secondary flow decreases, the velocity of the secondary flow becomes close to that of the primary flow. This reduces the increase in entropy during mixing.
In the design process, selection of the secondary flow cross-section of the ejector section is an important parameter. In this section, the results with the 90% outer exit diameter are referred to, as well as those with the original configuration. Trans. Japan Soc. Aero. Space Sci., Vol. 59, No. 3, 2016 In the accumulator, the temperature was higher than the saturated temperature. However, the duct from the accumulator to the ejector has length, and the dryness at the exit of the accumulator was lower than unity. 27) In the present study, the total temperature of steam is the saturated temperature at the stagnation pressure in the ejector manifolds as a reference condition. Calculation with the superheated steam can be conducted using the present model and the results are referred to later. Figure 7 shows pressure of the secondary flow at the entrance of the second ejector section along the steam stagnation pressure of the second ejector. The calculated pressures are plotted in the figure. In the calculation, the mass flow rate of the cooling water sprayed is 35 kg0s ¹1 . The mass flow rate of the secondary flow is 94 kg0s ¹1 and the calculated flow rate is 93 kg0s
Operation of second ejector
¹1
. The total temperature of the secondary flow is 445 K. The calculated pressures of the secondary flow reasonably agree with the values measured within the convergence error of the calculation. In the previous design process, the calculated pressure of 60 kPa was attained with the flow rate of 140 kg0s
, which was about 1.5 times larger than the actual flow rate.
27) The pressure of 40 kPa was attained with secondary flow rate of 85 kg0s ¹1 , which was 0.9 times the actual flow rate. Qualitative agreement between the calculated and experimental results was addressed. The large difference in the previous calculation would be due to the difference in application of the ejector model, described in Section 3.4. The accuracy is improved in the present HATS design model. Figure 8 shows changes in the test chamber pressure, wall pressure of the first diffuser and normalized thrust in the engine shut-down process when testing the NAL-HATS. Time measurement started from engine ignition. At 20.81s, the thrust ratio was about 0.6 and the diffuser break happened. Pressure in the test chamber increased after the break. Under the break condition, the rocket engine combustion gas might detach from the HATS duct.
Test chamber pressure and diffuser break
The test chamber pressure measured was 1.1 kPa under the design operating conditions. The calculated pressure was 0.4 kPa using the base flow equation and is 1.6 kPa using the one-dimensional, nonisentropic expansion model. There would be measurement and convergence errors. The transient operating condition of the HATS would be different from that in the calculation. This conceptual study calculates steady-state conditions. Under such conditions, the calculations predict approximate pressure. There was no comparison of this pressure history between the measured and the calculated results in the previous study. 27) The diffuser break condition is studied using the one-dimensional model. Until the diffuser break, the rocket exhaust expands nonisentropically to the duct wall and the impulse function of the attached combustion gas flow is calculated using Eq. (1). In the diffuser break condition, the rocket exhaust expands to the test chamber pressure and detaches from the HATS duct wall. The impulse function is the sum of the rocket exhaust momentum and the force of the chamber pressure. The change from attachment to detachment is caused by the momentum balance to attain the HATS exit pressure condition.
The diffuser break, which is detachment of the rocket exhaust from the wall, is calculated to happen at the thrust ratio, F=F ref , of 0.55 when the outer diameter is reduced to 85%. In the experiment, the break, which was defined by an abrupt change in pressure, happened around the thrust ratio of 0.6, as shown in Fig. 8 . The diffuser break calculated with the present model agreed reasonably well with the experimental break.
In the present calculation, the test chamber pressure is 0.9 kPa prior to the diffuser break, whereas it is 4.7 kPa at the thrust ratio of 0.45 after the break. In the experiment, it was 1.1 kPa prior to the break, and 4.7 kPa at the ratio of 0.45. These pressures agree reasonably with the values measured. There was no comparison on this pressure history between the measured and the calculated results in the previous study. 27 ) Fig. 7 . Pressure of secondary flow of the 2nd ejector section. Fig. 8 . Changes of pressure and thrust during engine shut-down. 27) Trans. Japan Soc. Aero. Space Sci., Vol. 59, No. 3, 2016
Condensation of steam in ejector nozzle
The comparisons in the previous sections show the present model predicts the operating conditions of a HATS reasonably well. In the comparisons, the effect of condensation is already included. In this section, the effect of steam condensation is discussed. In the present study of HATS operation, calculation of steam condensation is conducted in all ducts and sections. As a result, condensation happens only in the ejectors. The discussion is limited to the flow in the ejectors. Condensation in the ejectors was well recognized in previous studies, however, a suitable model for saturated steam flow was not constructed. As described in Section 3.3, the effect of condensation was simulated by changing the ratio of specific heats. Dryness changes due to the local temperature and pressure conditions in the saturated flow, and uncertainty remains in the steam ejector performance. In the present study, the saturated steam flow is calculated using dryness and isentropic flow modeling.
Part of the saturated steam condenses during expansion in the ejector nozzle. Steam is assumed to be in a saturated condition at 465 K at the pressure of the ejector manifold. The conditions for ejector steam and operating conditions are listed in Tables 4 and 5 . Flow conditions in the superheated condition of 528 K are also listed in the tables. The temperature at the superheated condition is the saturated temperature of steam in the accumulator. For comparison, flow conditions of no gas condensation, in other words, no-liquid condition, are also listed. Total pressures of the mixture downstream of the second ejector (i.e., in the third diffuser) for the no-liquid cases are lower than the exit condition and are shown in parentheses. Results with the outer diameter reduced are listed on the right-hand side in the column.
Condensation can even happen at the throat of the ejectors. This makes a difference in the design mass flow rate of the ejectors. At the exit of the ejector nozzles, condensation further progresses and total pressure becomes much lower than the pressure in the no-liquid cases. However, the impulse functions at the exit are approximately the same as those with no condensation in the previous ejectors. A small increase in the impulse function under the saturated condition is similar to increasing the thrust under the equilibrium flow condition.
Differences appear in static pressure at the exit of the ejector nozzles, as well as the difference shown in Table 1 . In the no-liquid cases, the pressure at the ejector exit is lower than that of the saturated condition. The difference between the pressure of the secondary flow and that at the ejector exit becomes great in no-liquid cases.
The pressure in the third diffuser is specified by the pressure exit condition. When the loss of total pressure during mixing is small in the second ejector, high total pressure in the secondary flow is not required. Under the low total pressure condition of the secondary flow in the second diffuser, the pseudo-shock can be positioned in the mid of the first diffuser (i.e., at relatively downstream in the first diffuser). The small total pressure downstream of the first ejector is caused by this mechanism in the saturated steam cases. The effects of condensation in the ejectors should be included in the design procedure for HATS. 
Conclusion
Conceptual design procedures and design models for HATS facilities are reviewed and revised. The results calculated using the present model were compared with the operating conditions of a previous HATS, and the present model was verified. The previous prediction method for the test chamber pressure is also adopted in the present model. The deceleration process was revised using the momentum balance model of pseudo-shock. The inviscid momentum exchange model of the ejector system that calculates operating conditions agreed with the conditions measured. The present model shows that condensation in the ejectors affects the HATS operating conditions.
